The Histochemistry of Cutaneous Carcinogenesis I. The Dermis**From the Division of Dermatology, University of Oregon Medical School, Portland, Oregon. by Dobson, Richard L. & Griffin, Marion
THE HISTOCHEMISTRY OF CUTANEOUS CARCINOGENESIS
I. THE DERMIS*
RICHARD L. DOBSON, M.D. AND MARION GRIFFIN, M.D.
The production of cancer in experimental ani-
mals by the application of carcinogenic hydro-
carbons to the skin of experimental animals has
been extensively and meticulously studied (1).
Although controversy exists concerning the
mechanism of chemical carcinogenesis, there is
rather general agreement about the sequence
of events on a histological level. Most of this
knowledge has been obtained from studies on
mouse skin in which cancers may be readily and
consistently induced. The skin of the rat, on the
other hand, has been found to be quite resistant
to the effect of many potent carcinogens. In 1959,
however, Zackheim, Simpson and Langs (2) ob-
served that repeated applications of 2-amino-
anthracene to rat skin produced tumors of both
epidermal and dermal origin. This effect had
been previously reported by Bielschowsky (3)
and by Lennox (4). These studies suggested the
possibility of observing simultaneously and
sequentially the development of a vaiiety of
cutaneous tumors. In particular, the interaction
and relationships between epidermal and dermal
change could be explored. Furthermore, the de-
velopment of a large number of fairly precise
histochemical procedures in recent years would
allow a more detailed analysis than had been
possible in earlier studies.
METHOD
In a 34-week study, 68 male albino rats (Car-
worth Farms) weighing approximately 90—100 gms.
were used. The interscapular area of the back of
34 animals was painted twice weekly with about
0.15 ml. of 1% 2-aminoanthracene (anthramine)
in acetone. Seventeen rats were painted twice
weekly with 0.15 ml. of acetone. Seventeen animals
were untreated. One anthramine-treated animal
was killed weekly; 1 acetone-treated and 1 un-
treated animal were killed biweekly. The painted
area of skin and the comparable area in the un-
treated animals were excised and divided into four
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parts. One portion was fixed in trichloracetic acid
in ethanol for 48 hours. Sections of this tissue were
prepared and stained for sulfhydryl and disulfide
by the method of Barrnett and Seligman (5). The
second portion was fixed in Helley's solution for
4 hours, paraffin imbedded, serially sectioned and
stained by the following methods: hematoxylin
and eosin, Luxol fast blue (6), periodic acid-
Schiff, Alcian blue (7), Giemsa, Mowry's colloidal
iron (8) or acridine orange (9). The third specimen
was fixed in Bouin's solution for 4 hours and paraf-
fin sections prepared. Sections were stained with
hematoxylin and azophloxine, phosphotungstic
acid-hematoxylin or by the Pentachrome I method
of Movat (10). The last portion was immediately
immersed in liquid nitrogen and then stored in a
solid CO2 refrigerator until frozen sections were
prepared. The following enzyme stains were done:
alkaline phosphatase, acid phosphatase, succinic
dehydrogenase, leucine aminopeptidase, phos-
phorylase and phosphamidase (5).
RESULTS
No significant changes were seen in either the
untreated rats or in those painted with acetone.
In the anthramine-treated animals, marked
changes were produced involving the epidermis,
pilosebaceous apparatus, dermis and subcuta-
neum. A sequential study of the effect of the
chemical carcinogen on the epidermis and pilo-
sebaceous apparatus will be reported later.
After only one week a mild round cell infiltrate
and a separation of the collagen fibers presum-
ably from edema were seen in the dermal papillae.
With Mowry's colloidal iron stain a definite
blue color was present in the collagen fibers of
the upper portions of the papillae signifying the
presence of acid mucopolysaccharide (AMP).
These collagen fibers stained normally with
Luxol fast blue. By the second week the number
of mast cells in the dermis was definitely in-
creased when compared with the untreated and
acetone-painted animals. This mastocytosis, al-
though variable, persisted throughout the study
(Fig. 1).
By the 4th week the changes in the derinal
papillae were more apparent. The collagen ap-
peared fragmented and more edema and lympho-
cytic infiltration were present. The staining re-
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Foo. 1. The number of mast cells in the dermis is
consistently higher in the anthramine-treated
rats.
action with Mowry's colloidal iron technic was
more intense and Alcian blue-positive material
was seen for the first time. The areas of connec-
tive tissue which contained increased AMP also
lost the ability to react with Luxol fast blue.
Between the 5th and the 14th week, these
changes gradually progressed so that moo e of the
dermis was involved. No further increase in the
dermal infiltrate occurred and the papillary
edema was not seen after the 6th week.
By 16 weeks the number of elastic fibers in
the dermal papillac was increased (Fig. 2). This
change was present in subsequent specimens but
was not progressive. Now the entire dermis re-
acted with Mowry's colloidal iron stain. These
areas failed to stain with Luxol fast blue. The
upper parts of the dermal papillae particularly
those adjacent to follicles were most severely
affected. In addition to amorphous accumula-
tions of Mowry-positive material, these areas
also stained rather intensely with PAS and Alcian
blue. These changes persisted for the duration of
the study. Marked vascular dilatation in the mid
and lower dermis was also apparent.
Alkaline phosphatase activity was demon-
strable in the upper parts of the dermal papillae
after 23 weeks of painting with anthramine (Fig.
3). This activity corresponded to the areas of
most intense reaction with Mowry's colloidal
iron stain (Fig. 4). Increased perivaseular cellu-
larity in the mid and deep dermis also appeared
at this time. The cells were fibrocytic in type
but were larger than normal and contained ir-
regular, hyperchromatic nuclei. Similar cells
could be found in the upper dermis as well. From
this time on this cellular proliferation increased
throughout the dermis. In a 27-week specimen
a frank fibrosarcoma had developed.
The changes in the dermal papillae were ac-
companied by profound alterations in the base-
ment membrane of the epidermis and its ap-
pendages. Before the 24th week, this membrane
had a uniform appearance and was intensively
PAS-positivc. After that time thickening and
fragmentation developed along with a loss of
reactivity with PAS (Fig. 5). Small amorphous
masses were frequently found at the dcrmal-
cpidcrmal junction, some of which were strongly
PAS positive and some stained intensely with
Mowry's colloidal iron (Fig. 6). It was at this
time that frank basal cell epithcliomas had de-
veloped.
Most specimens from the 28th to the 34th week
contained fibrossrcomas originating mainly in
the deeper part of the dermis, rarely in the dcrmal
papillae. At times the entire dermis had under-
gone sarcomatous degeneration. The cells of
these sarcomas were highly anaplastic (Fig. 7).
Multinuclcated tumor giant cells were frequent.
The stroma of these tumors was either negative
FIG. 2. After 16 weeks of anthramine treatment
the number of elastic fibers in the upper dermis is
increased. Pentachrome I stain. >< 69.
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FIG. 3. Twenty-three weeks of anthramine treatment. Extravascular alkaline phosphatase activity
is present in the upper parts of the dermal papillae. X 57.
FIG. 4. After 24 weeks large amounts of AMP are present in the dermal papillae corresponding to the
localization of the alkaline phosphatase activity. Mowry's colloidal iron stain. X 57.
Fin. 5. Anthramine-treated rat at 24 weeks. The basement membrane of the epidermis is thickened
and fragmented. (arrow) PAS-MeManus procedure. X 228.
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or weakly reactive to Luxol fast blue, variably
PAS and Mowry positive. Many mast cells (10—
15/HPF) were contained in these tumors.
DISCUSSION
The role of the dermis in epidermal carcino-
genesis has been frequently studied both clinically
and experimentally. Although it is clear that
basal cell epitheliomas, for example, are associ-
ated with stromal changes and that experimental
epidermal cancers are preceded by dermal
changes, the exact interrelationship between
dermis and epidermis is unclear. In the present
study repeated application of a chemical carcin-
ogen to rat skin provoked a number of marked
alterations in the dermis which preceded the
development of both epidermal and dermal can-
cers. These changes began in the dermal papillae,
spread to the periappendageal areas and eventu-
ally envolved the entire dermis. This sequence
probably reflects the route of penetration of the
carcinogen through the pilosebaceous apparatus
(11).
Perhaps the most striking feature of this study
was the progressive accumulation of acid muco-
polysaccharide (AMP) throughout the dermis.
This was accompanied by collagen fragmenta-
tion, edema and cellular infiltration in the dermal
papillae. These histologic findings are in agree-
ment with those of Orr (12). As the dermis be-
came more reactive for AMP, it became less so
for Luxol fast blue which appears to stain only
mature dermal collagen (6). Once this accum-
mulation of AMP in the papillae was well es-
tablished, a persistent increase in the number of
elastic fibers was noted. This elastosis had been
previously observed in the skin of mice (13).
Still later there occurred thickening, fragmenta-
tion and eventually dissolution of the basement
membrane of the epidermis and its appendages.
This was accompanied by the appearance of al-
kaline phosphatase activity at the dermal-epi-
dermal junction which was not within the small
blood vessels (Fig. 3). It should be noted that
the presence of large amounts of AMP is strik-
ingly similar to the state of the normal dermis
FIG. 6. Anthramine-treated rat at 28 weeks. The basement membrane is fragmented and disrupted.
Amorphous masses of basement membrane like material are present in the dermal papillae. (arrow)
PAS-MeManus procedure. X 228.
FIG. 7. Anthramine-treated rat at 32 weeks. Highly anaplastie fibrosareoma typical of those observed
between the 28th and 34th week of the study. Hematoxylin and Azophloxine. X 228.
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of the embryo (14), connective tissue during
wound healing (15) and chronically sun-damaged
skin (16).
Kligman (17) recently posed the provocative
question, "Why do nails grow out instead of up?"
One can also ask, "Why does the epidermis grow
out instead of in?" The epidermis, of course,
does not always grow out. During embryonic
development epidermal pegs, the anlagen of the
sweat glands and pilosebaceous apparatus, grow
into the dermis. In experimental wounds, the
epidermis becomes hyperplastic and invasive if
degenerative dermal changes are induced (15).
In all of these cases, however, maturation of the
connective tissue occurs and this appears to coin-
cide with limitation of epidermal growth. If, on
the other hand, dermal changes are irreversible
as in solar elastosis or after anthramine treat-
ment progressive inward epidermal growth may
occur in the form of basal cell epithelioma (18).
Orr (19) has suggested that these dermal
changes result in an alteration in the nutrition
of the epidermis and that this is responsible for
neoplasia. An alternative explanation may be
that the epidermis retains its hyperplastic and
invasive properties at all times. This serves a
most useful purpose during normal wound heal-
ing. The inward growth of the epidermis is nor-
mally restrained by the mature connective tissue
of the dermis. If skin is treated with a chemical
carcinogen such as methylcholanthrene suffi-
ciently long to produce dermal changes but no
epidermal malignancies and then the epidermis
is removed and transplanted to an untreated
site, no tumors develop. If untreated epidermis,
however, is grafted on the denuded carcinogen-
treated site, epidermal malignancies rapidly ap-
pear (20). In the present study, basal cell epi-
theliomas did not appear until after the dermal
changes were well established; particularly the
dissolution of the basement membrane. Gillman
et al. (15) have suggested that carcinogenic treat-
ment to the dermis damages it so that it does not
limit epidermal hyperplasia and invasiveness thus
allowing foci of malignancy to arise. This is an
attractive hypothesis and is supported by our
data. It would be difficult to establish with cer-
tainty whether it is the basement membrane or
the entire upper dermis which is most important
in epidermal restraint. We would prefer consider-
ing the basement membrane to be the more likely
candidate since (1) it is in apposition to the basal
cell layer of the epidermis and (2) basal cell epi-
theliomas did not occur until this membrane had
been destroyed.
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DISCUSSION
DR. HERSCHEL S. ZACKHEIM, M.D., Detroit,
Michigan: I was very happy to hear Dr. Dob-
son's paper and to learn that he is also interested
in the problem of cutaneous earcinogenesis. I
think that his work in this line may prove to be
very fruitful. We have found that the rat is a
superior experimental animal as compared to
the mouse because of the wide variety of cuta-
neous tumors and malignancies that can occur.
I just wanted to make a few points. One, as
Dr. Dobson would know, is that the incidence of
fibrosarcomas is also quite high in rats treated
with anthramiae. I would suggest that the
changes he found might also he considered in
view of this fact, since the early development of
the fibrosarcoma is rather high in the cutis. I
would suggest further that, if possible, he extend
his studies to follow the changes induced by
other carcinogens such as methylcholanthrene
and dimethylbenzanthrancene. With methyl-
cholanthrene there is also an almost 100% in-
cidence of basal cell epitheliomas but a low in-
cidence of fibrosarcomas, as contrasted to
anthramine where there is a high incidence of
both fibrosarcomas and basal cell epithcliomas.
Dimethylbenzanthrancene, reversely, produces
a very high incidence of squamous cell carci-
nomas and a lower incidence of basal cell epi-
theliomas in the rat. So if Dr. Dobson would
continue his work, using the other carcinogens
for comparison, more answers might be found.
DR. JAMES H. GRAHAM, Philadelphia, Pa.: I
would like to ask Dr. Dobson a question about
the capillary bed, and if he observed any changes
there; did he notice any capillary endothelial
proliferation. Dr. Frederick Urbach and I have
been doing some work studying the vasculnr bed
of human cutaneous premalignant lesions and
carcinoma. Utilizing Gomori's method for al-
kaline phosphatase, we have observed a very
abnormal capillary network in basal cell carci-
noma. We have noted that after applying a car-
cinogenic agent to the skin of white mice, one
of the early changes was a capillary endothelial
proliferation. Connective tissue and ground sub-
stance changes were similar to what Dr. Dobson
reported heFe. I would be interested in his com-
ments on the capillary bed.
DR. ANDREW E. LOEINCZ, Gainesville, Florida:
Apparently there is a difference in the use of the
expression "acid mucopolysaceharide," as em-
ployed by the biochemists and as used by the
histochemists. For the biochemists, connective
tissue acid mucopolysaccharides are considered
to be almost 100% carbohydrate in composition,
and in most instances are considered polymers
of a repeating disaccharide unit consisting of an
acetylated hexosamine linked to a hexuronic
acid. At the present time there are approximately
eight fairly well characterized connective tissue
acid mucopolysaccharides. These substances
exist in tissues complexed with proteins. These
complexes are referred to as acid mucopolysac-
charide protein complexes; however, they have
a]so been referred to as mucoproteins and glyco-
proteins. There are no histochemical methods
which will specifically stain acid inucopolysac-
charides; however there are numerous stains and
histochemical technics which will demonstrate
glycoproteins or mucopolysaccharides complexed
with other materials. I would like to suggest
that the term "acid mucopolysaccharide" be re-
served for the chemically characterized com-
pounds, and that substances that may contain
acid mucopolysaccharide be referred to as glyco-
proteins, mucoproteins or some other similar
expression to designate histochemical charac-
terization.
DR. RICHARD L. DonsoN, (in closing): I would
like to thank the discussors for raising such
interesting and provocative questions. First of
all, in response to Dr. Zackheim, I would like
to thank him again for his studies which covered
this entire area. We, too, found that fibrosar-
comas were the most common tumor produced,
but virtually all animals have basal cell epi-
theliomas as well, and it seemed possible to sepa-
rate the histogenesis of these two neoplasms.
Also, the fibrosarcomas began high in the cutis
and this involved mainly a perivascular prolif-
eration of immature fibrocytes which eventually
became anaplastic. His suggestion of using other
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carcinogens, especially methylcholanthrene in
rats which produces basal cell epitheliomas is an
intriguing one. This should be done and we intend
to follow through with the suggestion.
In response to Dr. Graham's question, we, too,
observed an increase in the number of capillaries.
I did not have time to hi ing out all the features
of this study. Actually, this proliferation of capil-
laries was present throughout the dermis but
was not very marked. It was quite real but not
one of the most dramatic changes. I am glad to
see also that Dr. Graham was able to observe
ground substance changes in mice treated with
the carcinogen.
As far as Dr. Lorincz' comments are concerned,
I would agree that what we should do is to refer
to these substances as PAS positive material.
There is no question it is a gross inaccuracy at
this point to call some of these materials acid
mucopolysaccharides in a specific chemical sense.
We do not know what these substances are, es-
pecially under the influence of carcinogens.
During the next year or two we plan to study
chemically all of these materials. We have to
correlate these with histochemical stains. At
that point, I suppose two or three years from
now, we will be able to say whether these are
truly acid mucopolysaccharides or not.
